We evaluated the distribution of lipocortin-1 immunoreactivity in 118 immature or mature human hypophyses using the peroxidase-antiperoxidax (PAP) technique with a polyclonal rabbit antiserum against lipocortin-1. Serial sections were evaluated for five pituitary hormones and S-100 protein immunoreactivity to compare their distributions with that of lipocortin-1. Scattered or moderate numbers of cells exhibited lipocortin-1 immunoreactivity in the pars distalis of 89 subjects ranging in age from 27 weeks' gestation to 83 years. h e n immature and scorn aged specimens exhibited no immunostaining, while 15 specimens from older individuals exhibited only race immunostahhg. Immun-g did not appear to co-localize selectively with any specific pituitary hormone, although the distribution of immunoreactivity did overlap that of some corticotrophs and was Seen in elongated processes of S-100-containing folliculostellate cells. Lipocortin-1 was also found in epithelial cells lining colloid cysts of the residual pars intermedia in 115 of 118 pituitaries ranging in age from 23 wceks' gestation to 83 years. In many intermediate lobe cysts, lipocortin-1 exhibited a pattern of immunoreactivity that partially overlapped the distribution of S-100 protein immunostaining, although the pattern was not identical. Pre-absorption of anti-lipocortin-1 antiserum with Lipocortin-1-coupled Sepharose-4B immunoreactivity resulted in loss of immunoreactivity in both lobes. No lipocortin-1 immunoreactivity was seen in the neurohypophysis.
Introduction
The lipocortins are a family of steroid-inducible calcium and phospholipid binding proteins which inhibit phospholipase A2 activity (1) (2) (3) . Lipwortin-1, a 35 KD physiological substrate of the epidermal growth factor (EGF) reccptor/kinase, is of particular interest (4-6) as a potential mediator of glucocorticoid and EGF effects.
Both glucocorticoids and EGF modulate pituitary adrenocorticotropic hormone (ACTH) and prostaglandin release (7-12). However, identification of the intracellular proteins transducing these effects has not been achieved. In the present study we evaluated whether lipocortin-1 immunoreactivity could be detected in the immature or mature human pituitary gland.
The results suggest that lipocortin-1 is present in epithelial cells lining colloid cysts of the residual pars intermedia in the neonate and adult. Additional lipocortin-1 is present in a limited number I Supported in part by the National Heart, Lung and B l d Institute Grants HL 37726 and HL 14214. of cells distributed throughout the mature pars distalis but not in a specific cell subtype. The selectivity of this distribution raises the possibility that lipwortin-1 subserves specific physiological roles in the human pituitary gland.
Materials and Methods
The distribution of liportin-1 immunoreactivity was evaluated and compared with the distribution of growth hormone (GH), prolactin (PIU). adrenocorticotropic hormone (ACTH). thyroid-stimulating hormone (TSH). and luteinizing hormone (LH) in cells of the adenohypophysis (13) and with S-100-containing folliculostellate adenohypophyseal cells. pars intermediacyst epithelial cells, and pituicytes in the hypophyses (14-17). One hundred eighteen normal pituitary glands were collected during autopsies performed at the Vanderbilt University Hospital ( W H ) and the Nashville Veterans Administration Medical Center from 1983 through 1988. Pituitary glands were collected between 1.5 and 16 hr post mortem (mean 8.7 hr), fixed in 10% neutral formalin, and embedded in paraffin. Five-pm serial sections of each pituitary gland were collected on aminoalkylsilanecoated slides (18) and then baked at 5O'C. Portions of similarly fixed and sectioned human placenta (from Surgical Pathology, W H ) , which contains high concentrations of liportin-1 (19) , were used as a positivc control tissue.
Lipocortin-1 immunoreactivity was localized by using a polyclonal rabbit antibody to recombinant human lipwortin-1 (Biogen Research; Cam-JOHNSON, GRAY, PEPINSKY, STAHLMAN bridge, MA). Extensive lipwortin-1 immunoreactivity was seen in sections of human placenta which served as a positive control. Titration curves performed on sections of human placenta demonstrated extensive immunoreactivity in these cells at antiserum dilutions of 1:500 to 1:1500. Distinct lipwortin-1 immunoreactivity could be detected at dilutions as great as 1:5000. which produced immunostaining in much of the syncytiotrophoblast and within trophoblasts in the chorionic plate. The specificity of this antibody was assessed by pre-absorption of 2 ml of the minimum effective concentration of antiserum (1:5000 dilution) with 1.0 mg of recombinant lipocortin-1 bound to cyanogen bromide-activated Sepharose 4B (Sigma;
St. Louis, MO) overnight before use on control tissues and on four sections of lung previously found to contain extensive lipocortin-1 immunoreactivity (20) . Pre-incubation of a 1:5000 dilution of anti-lipocortin-1 serum with lipocortin-1 coupled to Sepharosc 4B ablated the immunoreactivity in the placenta and in each of four pituitary glands that had exhibited significant lipwortin-1 immunoreactivity. Lipwortin-1 antiserum does not react with lipwortin-2 (6). In a preliminary study, lipwortin-1 immunoreactivity was found to be preserved in multiple human tissues, including pituitary gland, which had been fued as long as 72 hr lfter death.
Sections of pituitary gland and placenta were washed in a solution of 0.5% hydrogen peroxide in 100% methanol for 10 min and then preincubated with 10% normal swine serum in PBS, pH 7.6. After blotting, sections were incubated overnight at room temperature with either primary antiserum against either lipocortin-1 (dilution 1:750) or normal rabbit serum (dilution 1:750), ACTH (pre-diluted), GH (pre-diluted), PRL (dilution 1:400), TSH (dilution 1:1000), LH (dilution 1:1000), and S-100 protein, a marker offolliculostellate cells (dilution 1:lOOO) (Dako; Santa Barbara, CA). FSH immunoreactivity w a s not d u a t c d because it typically co-localizes with LH in gonadotrophs. Nonspecific immunostaining and background were assessed with each antiserum by substitution of normal non-immune rabbit serum (dilution 1:750) (Dako) for primary antiserum. The antiserum against GH exhibits 1% crossreactivity in radioimmunoassays (RIAs) with PRL and less than 1% with human placental lactogen and the other pituitary hormones. The antiserum against TSH exhibits 4% crossreactivity in RIAs with LH, 1% with EH, 1.5% with human choriogonadotropin, and less than 1% with HGH. The antiserum against LH exhibits crossreactivity in RIAs of 5 % with FSH, 6.5% with HCG and 1.2% with GH. The S-100 antiscrum reacts in RIAs with both S-100A and B (all specificity data are from Dako). The sections were then sequentially incubated with swine anti-rabbit immunoglobulin (dilution 1:20) (Dako) and rabbit PAP (dilution 1:50) (Dako) for 30 min each. All incubations were followed by rinsing and two 10-min washes in PBS. The tissues were subsequently exposed to the peroxidase substrate 3,3'diaminobenzidine (DAB; Sigma) 0.5 mglml in 0.05 M Tris-HCI (pH 7.6) containing 0.05% hydrogen peroxide (21) .
Slides were counterstained with hematoxylin.
The distribution of lipocortin-1 immunoreactivity in the adcnohypophysis, pus intermedia. and neurohypophysis was evaluated and compared with the distribution of S-100 and adenohypophyseal hormones in adjacent xrial sections by a neuropathologist (MDJ) and screened independently by two of us (MEG and MTS). The extent of immunoreactivity in the adenohypophyses and neurohypophysis was evlluatcd using the x 25 objective. Cves were designated as exhibiting rare immunoreactivity if no immunostaining was present in most fields, scattered if most fields contained at least one immunostained cell, moderate if the majority of fields contained scv-era1 positive cells, and extensive if more than one fourth of the cells exhibited immunoreactivity. In the colloid cysts of the pus intermedia, cases were designated as exhibiting rare immunostaining if a positive cell was identified in the epithelium or stroma around one cyst. The term "scattered" was used to reflect immunostaining in one cell associated with most cysts. The designations "moderate" and "extensive" immunoreactivity were applied to cases where each cyst contained positivity in one to five cells or more than 25% of cells, respectively. Comparison of the distributional pattern of immunoreactivity in the pars distalis, residual pars intermedia, and neurohypophysis was guided by regional distribution and by landmarks within the tissue, such as cysts and vascular structures.
Results

S-100 a n d Pituitary Hormones
In each gland, the adenohypophysis, neurohypophysis, and colloid cysts of the residual pars intermedia exhibited normal histology. Each adenohypophysis also exhibited a normal distribution of GH, PRL, ACTH, LH, and TSH immunoreactivity. S-100 protein immunoreactivity was detected in each adenohypophysis, usually in cells with identifiable stellate or elongated processes, from 1 month to 88 years of age (Figure 1 ). Scattered or moderate S-100 immunostaining was also seen in epithelial cells lining colloid cysts of the pars intermedia, as described below. Rare or scattered S-100 protein immunostaining was also detected in pituicytes in 80 of the 118 neurohypophyses studied.
L2pocortin-I Immunoreactivity in the Pars Distalis
In the adenohypophysis, a variable degree of lipwortin-1 immunoreactivity was detected in adenohypophyseal and folliculostellate cells from 27 weeks' gestation to 83 years of age. No lipwortin-1 immunostaining was detected in 14 adenohypophyses, seven of which were from fetuses ranging from 22 weeks' gestation to 1 month of age, with a post-mortem interval of approximately 10.8 hr, and seven from older patients (mean age 69 years; mean postmortem interval 10.8 hr). Rare immunoreactivity was identified in 15 adenohypophyses (mean age of patients 75 years; mean postmortem interval 8.5 hr). Scattered immunoreactivity was seen in cells populating 70 of 118 adenohypophyses (Figure la ). An additional 19 adenohypophyses exhibited a moderate degree of immunostaining. In positive cases, the lipwortin-1 immunoreactivity appeared to be distributed randomly in cells throughout the adenohypophysis. Extensive immunoreactivity was not detected in any of the adenohypophyses studied. The pattern of immunoreactivity in adenohypophyseal pituicytes did not appear to overlap with that of any particular pituitary hormone.
Lipocortin-1 Immunoreactivity in the Pars Intermedia
In the residual pars intermedia, no lipocortin-1 immunostaining was identified in three hypophyses from 18-day-old, 23-year-old, and 60-year-old individuals (mean post-mortem interval 6.2 hr). Rare lipocortin-1 immunostaining was detected in epithelial cells of colloid cysts of pituitaries from individuals of 12 days and 40, 59, or 78 years of age (mean post-mortem interval 11.4 hr). Scattered to moderate lipocortin-1 immunostaining was seen in epithelial cells of colloid cysts of 9 partes intermediae. Immunostaining in the pars intermedia was more extensive, in 102 glands from individuals ranging from 23 weeks' gestation to 83 years of age, being distributed in many epithelial cells lining the hypophyseal cleft of immature glands (Figure 2c lining most colloid cysts adjacent to the neurohypophyses in adult glands (Figure 2d ).
Similar Patterns of Li;bocortin-I and S-100 Protein Immunoreactivity in the Pars Intermedia
Comparison of the distribution of lipocortin-1 and S-100 protein or ACTH immunoreactivity in epithelial cells lining colloid cysts of the pars intermedia suggested only limited overlap with the distribution of lipocortin-1 and either protein. Some overlap was seen in the pattern of lipwortin-1 and S-100 protein immunostaining in 38 cases (Figures la. Ib, Zc, and 2d) . Although significant overlap in the pattern of immunostaining was seen in 16 cases, the distribution of lipocortin-1 and S-100 protein was never identical. In most cases the overlap in staining was seen only in a minority of cysts or isolated clusters of epithelial cells of larger cyst. The ACTH immunostaining detected in colloid cyst epithelium exhibited minimal overlap in its distribution with that of lipocortin-1 in 22 glands.
Lipocortin-1 Immunoreactivity in the Neurohypop hysis
Lipocortin-1 immunoreactivity was not detected in pituicytes of the neurohypophysis in any case.
Discussion
Considerable interest in lipocortin-1 stems from evidence that this steroid-inducible protein (1) may mediate glucocorticoid feedback effects in many tissues, including the adenohypophysis of the pituitary gland. Recent studies on rat pituitary cells suggest that glucocorticoid inhibition of phorbol ester and EGFstimulated ACTH and prostaglandin E2 release is mediated by a "lipocortin-like protein" (9). Lipocortin-1 is also identical with chromobindin-6, one of a family of cytoplasmic proteins that bind chromaffin granules in vitro and may mediate exocytosis of these chromaffin granules (22) . These reports raised the possibility that lipocortin-1 might be present in significant concentrations in corticotrophs of the pars distalis of the adenohypophysis. Findings from the present study, however, suggest that corticotrophs are neither the sole nor the major cells containing this protein, at least in normal adult human hypophysis. Nevertheless, we cannot exclude the possibility that concentrations of liportin-1 below the threshold of immunodetection, as well as limited post-mortem degradation of this protein, contributed to the apparent paucity of this protein in many adenohypophyses and the absence of immunoreactivity in others.
The presence of lipocortin-1 in putative folliculostellate cells (perisinusoidal cells with elongated processes and an overlapping pattern of S-100 protein immunostaining on adjacent sections) raises the possibility that lipocortin-1 may play a role in their function. Folliculostellate cells are adenohypophysial cells with elongated cytoplasmic processes, intracellular lysosomes, and no secretory granules (23, 24) . Recent work suggests that they exhibit phagocytic activity, a finding of particular interest in view of extensive evidence that high concentrations of lipocortin-1 are also present in activated macrophages (6).
The distribution and intensity of S-100 immunoreactivity in the hypophysis is similar to that described previously (14) (15) (16) (17) (18) . In rat and human adenohypophyses, S-100 immunoreactivity has been localized in folliculostellate cells (14-18). S-100 protein immunostaining has also been identified in epithelial cells of the pars intermedia marginal cells that line the hypophyseal cleft and in pituicytes of the neurohypophysis (14-16). These findings suggest that S-100 protein may also participate in hypophyseal functions in the human. Although the physiological effects of S-100 protein in the adenohypophysis are not known, recent in vitro studies suggest that S-100 protein stimulates PRL secretion (25) . The apparent localization of S-100 in folliculostellate cells and also in epithelial cells of the hypophysis raises the possibility that this protein may exert paracrine effects on hormone secretion in both the adenohypophysis and the pars intermedia (25) . It is of interest that S-100 protein exhibits a significant amino acid sequence homology with each of the two 11 KD light chains in the tetrameric complex of lipocortin-2 (26) . However, these 10 KD peptides. coupled as a dimer and tightly bound to the 36 KD heavy chains of the complex, are probably not accessible to antibodies recognizing S-100 protein even if crossreactivity occurs. Consequently, it is unlikely that the S-100 immunorcactivity described here reflects the presence of lipocortin-2 in the hypophysis. The demonstration of lipocortin-1 immunoreactivity in many epithelial cells of colloid cysts suggests a physiological role in these cells. Morphological studies of the epithelial cells lining the hypophyseal cleft of the pars intermedia suggest similarities with the folliculostellate cells of the pars distalis. Like folliculostellate cells, these cells have a paucity of organelles and no secretory granules (27). These epithelial cells also contain large numbers of microfilaments and small dense apical bodies, suggesting that they participate in colloid resorption (27) . Moreover, detached epithelial cells present in the colloid cysts may exhibit phagocytic properties and sequester colloid (27) . The presence of lipocortin-1 immunoreactivity in putative folliculostellate cells and pan intermedia epithelial cells represents an additional similarity between these cell types which may reflect similarities in function.
